The aim of this study was to stabilize guava nectar using hydrocolloids and/or enzymes, and evaluate the stability and the bioactive compounds content during storage. In general, there was a decrease in pH and an increase in titratable acidity and soluble solids of the nectars. During storage, it was observed that nectars with pectinase showed decrease in pH, increase in titratable acidity and soluble solids, and also less phase separation, standing out among them the nectar with enzyme and guar gum. The nectar formulated with xanthan showed the highest antioxidant capacity. All nectars showed slight decrease in the carotenoid content and high losses of vitamin C during the storage period.
Introduction
Guava belongs to the Myrtaceae family, genus Psidium, which comprises up to 130 species of which only guava Psidium guajava L. has economic importance [1] . Guava fruits ripen quickly and have a shelf life up to 8 days, thus the processing technology can ensure the excess of production and exploitation in off-season periods [2] . Although the fruit is used for production of juices, pulps and nectars, as well as jams, jellies, fruit preserves, purees, syrups, wines, among others [3] . According to ABIR [4] , the demand for nectars is growing in Brazil. The Ministry of Agriculture and Supply, which is the regulatory agency of the processing industries of juices and fruit nectars and identity standards [5] defines guava nectar as a non-fermented beverage produced by dissolution of guava pulp (Psidium guajava L.) and sugars in drinking water, intended for direct consumption, with or without addition of acids. The attributes color and turbidity are decisive for the acceptance of juices and nectars, which should not present sedimentation or phase separation, even with preservation of the nutritional value and taste [6] . Phase separation is associated with chemical interactions, density between the disperse phase and dispersant, particle size and viscosity of the disperse phase.
Several hydrocolloids have been widely used in the food industry, aimed to provide the gel structure, increase viscosity, act as encapsulating agent in formation of films, control crystallization, inhibit syneresis, and increase the physical stability of the products [7] . These hydrophilic polymers can directly influence the properties of foods, such as appearance and texture. Xanthan and chitosan stand out among the widely used hydrocolloids.
The attributes color and turbidity are decisive for the acceptance of juices and nectars, which should not present sedimentation or phase separation, even with preservation of the nutritional value and taste [6] . Phase separation is associated with chemical interactions, density between the disperse phase and dispersant, particle size and viscosity of the disperse phase. In this context, the aim of this study was to stabilize the guava nectar (Psidium guajava L.) using hydrocolloids and pectinase and evaluate the stability of the bioactive compounds during storage of the nectars.
Materials and Methods

Material
About 20 kg of Paluma guavas were obtained from a farm in the municipality of Pelotas, RS, Brazil during the 2013-2014 harvest. Xanthan, guar gum, pectinase enzyme (Sigma-Aldrich) and pregelatinized rice flour, were used as stabilizers. The pectinase enzyme is composed mainly by pectin lyase, polygalacturonase and pectinmethylesterase and small amounts of cellulases and hemicellulases. The other reagents used in spectrophotometric analyses were of analytical grade.
Nectar processing
Guavas were selected and sanitized in chlorinated water (500 ppm active chlorine), and then the pulp was removed in a machine equipped with 0.8 mm mesh wire. The pulp was packed in polyethylene bags with a capacity of 1 kg and stored at -18 °C until production of nectars. For other formulations, stabilizers (xanthan, guar gum, pregelatinized rice flour) and/or pectinase enzyme were added according to Sousa et al. [8] and Rodrigues methodology [9] ( Table 1) .
The gums were initially dispersed in the sugar and slowly added into the guava pulp to prevent lump formation. The homogenization was carried out in an industrial blender, followed by a 90 °C/10min heat treatment. After this period the hot filling (85 °C) was carried out in previously sterilized 150 mL glass bottles. The manual closure was performed with metal lids, and was cooled by immersion with water at 45 °C and 25 °C respectively. The bottles were kept at room temperature (22 °C ± 3.6 °C) for 180 days period.
Physicochemical analysis
Analyses of guava nectars were performed soon after processing and at 45 day intervals during 180 days. All determinations were performed in triplicate, as follows:
pH
Determined by potentiometric method (pHmeter Digimed DM 20),using pH 4.0 and 7.0 buffer solutions.
Titratable acidity
Determined by titration the sample with 0.1N sodium hydroxide (NaOH) to pH 8.1. The results were expressed in mg citric acid per 100 g sample (wet basis) [10] .
Total soluble solids
Determined by refractive index, using digital refractometer Atago Palette PR-32 α.
Color
Measured according to the C.I.E. L* a* b* system, in colorimeter Minolta (CR-300), with illuminant D 65, 8 mm-illumination area, and L* values (brightness) ranging from black (0) to white (100); a* values from green (-a) to red (+a), and b* values ranging from blue (-b) to yellow (+b).
Phenolic compounds
For quantification of total phenolics was used the method described by Swain and Hillis [11] , with few modifications. Absorbance readings were performed in a spectrophotometer (JENWAY, 6700 UV/Vis) at 725 nm. A gallic acid standard curve was used for quantification of the phenolic compounds, and the results were expressed as mg of gallic acid equivalents per 100g sample (wet basis).
Carotenoids
Total carotenoids were determined according to AOAC [12] method. Absorbance readings were performed in a spectrophotometer (JENWAY, 6700 UV/Vis) at 470 nm. A lycopene standard curve was used for quantification of total carotenoids, and the results were expressed as mg of lycopene equivalents per 100g sample (wet basis).
Antioxidant capacity
The antioxidant capacity was determined by the ability of the compounds to sequester the radical DPPH (2,2-difenil-1-picrilhidrazila), second method described by Brand-Williams et al. [13] . Absorbance readings were performed in a spectrophotometer (JENWAY, 6700 UV/Vis) at 517 nm after 24 hours of reaction, and the results were calculated according to Equation (1)
L-ascorbic acid
Quantified using the titrimetric method of Lorenz-Steves [14] , based on the reducing action of ascorbic acid, using standard iodine and sodium thiosulfate solution and starch as indicator. The results were calculated according to Equation 2 , and expressed as mg of L-ascorbic acid per 100g sample (wet basis). Where: Y = (total volume of iodine solution X conversion factor) -(volume of thiosulfate solution x conversion factor) Each mL of 0.01 N iodine corresponds to 0.88 mg of ascorbic acid.
Sedimentation
The clarified phase of nectars was analyzed twice a week for 90 days, which corresponds to the stabilization period, and the results were expressed as percentage of stabilized phase (not clarified).
Statistical analysis
The results were expressed as mean and standard deviations concerning the determinations in triplicate. Data were submitted to Tukey's and Dunnett test, with 5% significance level, using the SAS statistical software v8.
Results and Discussion
The pH of the nectar formulations containing xanthan (T2), guar gum (T3) and rice flour (T4) did not differ significantly from the control (T1) formulation (4.17 ± 0.01).
Lower pH values were observed for all formulations containing the enzyme, including the formulations with pectinase (T5), pectinase and xanthan (T6), pectinase and guar gum (T7), and pectinase and rice flour (T8). Godoy [15] , studied hydrocolloids in guava nectar and found an increase Standards and Quality Nectar [5] ; **The base formulation (control) of the nectars consists of 55% water, 35% guava pulp and 10% sugar (sucrose).
in pH value in the control (guava nectar without addition of stabilizer) when xanthan gum was used at various concentrations (0.07, 0.12 and 0.17%). Souza [16] also observed an increase in pH value when xanthan and guar gum were used in peach nectar, when compared to the control. The pH determination is of great importance, since it is a limiting factor for the growth of pathogenic and spoilage bacteria; in addition it defines the heat treatment to be applied, and favors the stability of ascorbic acid, since this vitamin has greater stability at acidic pH [14] . During storage ( Figure 1A ), a significant increase in pH value was observed for all nectar formulations, except for the nectar containing xanthan gum (T2) and guar gum (T3) at 180 days of storage. These results corroborate the results of several authors, including Silva et al. [17] , studying the stability of guava juice packed either in glass bottles or carton, and storing for 250 days at room temperature; Mattietto et al. [18] study with a blend of cajá and umbu nectar packed in glass bottles for 90 days of storage; Leitão [19] , study with blackberry nectar packed in glass or polypropylene packages and stored either at room temperature or refrigeration; and Carvalho et al. [20] , studying a blended beverage consisting of cashew apple juice and coconut water containing caffeine. According to Silva [21] , the increase in pH value during storage may be due to the degradation of ascorbic acid, with respective reduction of free hydrogen ions in the product, which corroborates the findings of this study, once a significant decrease in vitamin C content was observed during storage.
The determination of acidity is another important physicochemical parameter for processing nectars, since it ensures a more pleasant taste and a more vivid color to the products. After processing, all nectars containing the enzyme pectinase (T5, T6, T7 and T8) showed higher total acidity and lower pH values when compared to the control. Essa [22] , studied the effects of the addition of an enzyme preparation on plum, banana, and guava juices, and found an average titratable acidity of 0.31% citric acid, which is very close to the value found in our study for the nectars containing the enzyme (0.27% citric acid). However, after the enzymatic treatment, the author found a considerable decrease in viscosity of banana juice. Byaruagaba-Bazirake et al. [23] found no changes in acidity of the pulp after enzymatic treatment. The decrease in pH and increase in acidity of nectar formulations containing the enzyme is expected, since the enzymatic treatment increases the galacturonic acid content in the medium, which is present as pectin chains in the cell walls. An increase in acidity was also observed by Demir et al. [24] with no changes in pH, probably due to the compounds from carrot juice that may act as a buffer. Vandresen [25] , evaluated enzymatically treated and pasteurized carrot juice, and also found a decrease in pH and an increase in acidity of the pasteurized samples.
In the present study, the titratable acidity remained stable for all formulations during 180 days of storage ( Figure 1B) , which did not decrease with the increase in pH, particularly at 135 days of storage. There was a slight decrease in acidity of some formulations during the storage time, which was more evident in the formulation containing pectinase and xanthan gum (T6). Pinheiro [26] , studied blended cashew apple nectar stored for 30 days, and observed small changes in acidity of nectar packed either in polyethylene terephthalate or glass packages. Similar results were observed by Corrêa [27] , who evaluated guava nectar stored at refrigerated (5 ± 2 °C) and room temperature (25 ± 5 °C) for 120 days, and also by Beisman [28] during storage of mango nectar formulations.
The soluble solids content of the guava nectar formulations were significantly higher (14.03 ± 0.12), when compared to the control, except for the formulation with guar gum (T3). The increase in soluble solids was expected, due to the addition of solids in all formulations. The formulation with the pectinase enzyme and rice flour (T8) was the one with the highest amount of soluble solids (16.10 °Brix), and the highest values were observed in the formulations containing pectinases enzymes (T5, T6, T7, T8). These results are probably due to the action of the pectinolytic enzymes that hydrolyze the α (1→4) glycosidic bonds, which increases the soluble solids content in solution. According to Sreenath et al. [29] the enzyme improves the quality of the juice by providing a greater extraction of soluble solids. This effect was also found by Brasil et al. [30] in extraction and bleaching of guava juice, using 600 ppm of enzyme at 45 °C for 120 minutes, and by Vandresen [25] evaluating enzymatically treated and pasteurized carrot juice.
During storage (Figure 1C) , the soluble solids content remained constant for all nectar formulations, which corroborates with the study of Nisida et al. [31] who investigated orange juice packed in aseptic packaging and stored at different temperatures (2 °C, 12 °C and 35 °C), and observed that the concentration of soluble solids remained constant during storage at the three temperatures studied. According to the Ministry of Agriculture, Livestock and Supply, the minimum soluble solids content for guava nectars is 10 °Brix [5] ; thus all nectar formulations of this study were within the Figure 1 . Effect of addition of enzymes and the pH hydrocolloid (A), titratable acidity (B) and total soluble solids (C) nectars guava during storage. minimum limit defined by the legislation until the end of the storage period.
The color parameters (L*, a* and b*) of all nectar formulations remained very close to the control during the storage periods. However, a significant decrease in L* values was observed for the treatments with xanthan (T2), pectinase (T5), pectinase and xanthan (T6), pectinase and guar gum (T7), and pectinase and rice flour (T8) at the beginning (day 0) and at the end of storage (day 180). When nectar was analyzed individually in relation to the storage time (Figure 2A ), L* values significantly increased after 90 days of storage, with subsequent reduction. Sharon et al. [32] studied passion fruit juice, and also found a significant increase in brightness values for 120 days of storage. According to the authors, Maillard reactions may occur, with non-enzymatic browning or even polymerization of phenolic compounds. Tribst [33] evaluated mango nectar, and also found higher L* values due to the heat treatment to which the product was subjected. Arruda [34] , studied the stability of mango nectar packed in polyethylene terephthalate bottles, aluminum cans and cartons, and observed a decrease in L* values during storage due to the oxidation reactions and vitamin C losses.
Both the a* and the b* values show a trend to increasing values for all guava nectars during storage, probably due to the carotenoids content in nectars, since the higher the a* and b* values the closer they are to red and yellow, respectively. Different nectar formulations showed color values similar to the control. An increase in a* values ( Figure 2B ) was also observed by Sharon et al. [32] in passion fruit juice during storage. The increase in red color may have been influenced by heating, which causes loss of some components such as carotenoids, sugars, and amino acids, leading to the formation of colored products from the Maillard reaction.
Higher b* values were observed only in some formulations at 90 and 135 days of storage ( Figure 2C) , when compared to the control. During the 180 day storage, several oscillations were observed in this parameter, with a more significant decrease at 45 days, with no significant differences between the formulations and the control at the end of the study period. The b* values ranged from 1.24 to 4.98, with small increase in yellow color during storage, probably due to the heat treatment applied to nectars, which caused an increase in yellowness. Beisman [28] evaluated the darkening of guava nectar and observed color changes during storage at room temperature, probably due to the rapid degradation of ascorbic acid in the product. This color coordinate plays an important role in guava nectars, since it is directly related to the carotenoid content in the product, which did not change during storage in all samples analyzed in the present study, thus reflecting in b* values.
Although the carotenoid levels ranged during storage ( Figure 3A) ; lower levels were observed in both the formulations containing xanthan gum (T2) and formulations containing pectinase (T5, T6, T7, T8) at the end of storage, with a small increase in the other samples. Lin & Chen [35] , studied the stability of carotenoids in tomato juice heated at 121°C for 40 seconds and stored in the absence and presence of light (10 W) at 4 °C, 25 °C and 35 °C for 12 weeks, and observed losses of 80.1%; 83.5% and 92.1%, respectively, for the samples stored in the absence of light, and 87.4%; 84.9% and 88.3%, respectively, for the samples stored in the presence of light after 90 days of storage. Fernandes et al. [36] investigated hot-packed guava juice stored for 30 days at 28 °C, and found a decrease in lycopene content from 1.51 mg.100g -1 to 1.22 mg.100g -1
. Silva et al. [17] also studied guava juice, and found carotenoids content of approximately 1.0 mg lycopene 100g -1 , which did not differ within 250 days of storage. The contents reported by those authors are lower than to those found for the guava nectars in our study. Overall, the samples containing pectinases exhibited higher carotenoids levels when compared to the other samples, both after processing as the end of the storage period.
Phenolic compounds belong to a group of compounds with variable stability, due to their different structures, being directly affected by temperature, light, contact with oxygen, pH, among others. All formulations had very similar content of phenolic compounds after processing in our study ( Figure 3B ). During storage, a progressive decrease in phenolics was observed for all formulations, except after 90 days of storage. It is observed that unlike the carotenoid content, no differences were observed between the formulations containing or not the enzymes. Paludo and Krüger [37] extracted juice with and without addition of the enzyme pectinase, and also found no significant difference in the phenolic compounds content. Valdés et al. [38] studied guava juice packed in glass packages, and found phenolic compounds content of 26.3 mg of gallic acid equivalents.100g -1 , which is lower than the content found in our study. Other guava derived products also presented a decrease in phenolic compounds during storage. Singh & Pal [39] analyzed guava stored under controlled atmosphere for 30 days at 8 °C, and reported a reduction in phenolic compounds from 224.26 mg to 190.56 mg gallic acid equivalents.100g -1 . Silva et al. [17] found a reduction from 128.33 mg to 94.98 mg gallic acid equivalents.100g -1 in hot Figure 2 . Influence of the addition of hydrocolloids and enzymes in color parameters L* (A), a* (B) and b* (C) of guava nectars during storage.
packed guava juice, and from 96.55 mg to 74.38 mg gallic acid equivalents.100g -1 in juice subjected to aseptic processing, from 50 to 250 days of storage at room temperature. In the present study, pasteurization was used in the preparation of guava nectars, which may be associated with the degradation rate of phenolic compounds during storage.
All guava nectars exhibited similar ascorbic acid content throughout storage when compared to the control, except the formulation containing pectinase and rice flour (T8), which showed a lower ascorbic acid content ( Figure 3C ). The vitamin C decreased in all guava nectars during storage, and no vitamin C content was found in both the formulations containing pectinase and xanthan gum (T6), and formulation with pectinase and rice flour (T8) after 180 days. Although greater protection on vitamin C was observed in nectars containing gums, the degradation of this vitamin was accelerated in nectars with pectinase. The greatest decrease in vitamin C content was observed from 135 days of storage for all formulations. Leitão [19] found 82.32% degradation of this vitamin in blackberry nectar stored at refrigeration temperature (4 ± 2 °C), and 100% degradation when stored at room temperature for 90 days, evidencing lower degradation of vitamin C at low temperatures. Among all formulations, the nectar with xanthan gum (T2) retained the vitamin C content (15.36 mg.100g -1 ) within the parameters of the legislation, 14 mg.100g -1 [5] . Despite guava is a rich source in this vitamin, it is easily degraded during processing and/or storage due to its instability. Quinteros [40] , studied the stability of acerola and carrot nectar, and found a more accelerated loss in the first 90 days of storage, decreasing after this period; unlike the results of the present study, in which vitamin C remained stable at the beginning of storage, with significant degradation at the end of 135 days. A reduction in vitamin C was also reported by Brito et al. [41] in passion fruit nectar containing coconut water stored at room temperature (25 °C), with a loss of 77.87% at the end of 90 days. Similar results were observed by Sousa [8] , which reported 38% loss of vitamin C in the nectar containing Ginkgo biloba, Panax Ginseng extracts during 180 days of storage at room temperature (25 °C). Oliva et al. [42] investigated the stability of vitamin C in acerola fruit nectar, and reported losses from 28% to 30% when stored at room temperature at the end of 150 days. The reduction in vitamin C content of nectars during storage can be due to oxidation reactions caused by oxygen inside the package and/or dissolved in the beverage, since nectar was not subjected to deaeration process. The storage temperature and the incidence of light in transparent glass packaging may also have contributed to the reduction of vitamin C levels [43] . According to Fellows [44] , pasteurization also causes changes in the nutritional value of food, especially in relation to vitamin C in fruit juices despite being a relatively mild heat treatment. There is a vast literature on the chemical oxidation and/or thermal degradation of vitamin C as a result of bleaching, baking, pasteurization, sterilization, dehydration and freezing [45] . Besides these processing conditions, other factors such as type of packaging, presence of O 2 , time and temperature of storage, and incidence of light [46] can also contribute to the degradation of vitamin C. Despite significant losses of ascorbic acid were observed in guava nectars up to 180 days of storage, some formulations showed values above the Recommended Daily Intake (RDI) for adults, which is 45 mg daily, until 90 days of storage [47] . Significant differences were observed for the antioxidant activity of guava nectar formulations when compared to the control from 90 to 135 days of storage ( Figure 3D ). During storage, the different formulations showed variable activity, and all samples containing pectinase (T5, T6, T8), showed a tendency to lower antioxidant activity, except the formulations containing pectinase and guar gum (T7). The decrease of the antioxidant activity is due to the loss of carotenoids, phenolic compounds, and vitamin C during storage, which was more intense in these formulations when compared to the other formulations, especially in the formulations with pectinase and xanthan gum (T6), and pectinase and flour rice (T8), in which vitamin C was not detected at the end of the storage period. The formulation containing only xanthan gum (T2) showed increased antioxidant capacity during storage, demonstrating its stabilizing potential, not only in the product´s appearance but also the content of bioactive compounds. Leitão [19] , evaluated the stability of blackberry nectar, and found a tendency to increase the antioxidant capacity of approximately 9% at both ambient (16 ± 3 °C) and refrigeration (4 ± 2 °C) temperatures. Valdés et al. [38] evaluated guava juice packed in glass packages, and found a 30% inhibition of DPPH radical, which is lower than this study, once the lowest percentage was approximately 33% inhibition at the end of storage period for the formulation containing pectinase and rice flour (T8). Figure 3E shows phase separation of guava nectars. The sedimentation occurred more rapidly at the beginning of the process, specifically in the first two weeks of storage, followed by a gradual increase in the height of the precipitate until a stable point was reached. No significant difference was observed for the sample containing xanthan gum (T2) when compared to the control. All the other formulations showed greater stability when compared to the control, especially the formulations containing pectinase (T5, T6, T7, T8), which reached 88%, 80%, 91% and 75% of stabilization, respectively at the end of the storage.
Among the samples containing only gum, the sample with rice flour (T4) showed high stability, demonstrating that the xanthan concentrations used in the present study did not play an important role in stabilizing guava nectars. Godoy [15] , studied the stability of guava nectar during 180 days of storage, and found 99% stability using 0.175% xanthan, which was greater than the amount used in this study. Garruti [48] , used 0.2% xanthan gum in passion fruit juice, and found 100% stability for 180 days, while Souza [16] stood out that the addition of 0.2% xanthan gum was one of the best treatments to stabilize peach nectar (94.7%). The fact of xanthan gum did not produce good results in terms of stabilizing the guava nectars of this study does not corroborate the studies in literature. Vendrúscolo [49] reported that the enzymatic treatment of carambola pulp decreased sedimentation by about 62% when compared to the untreated pulp, probably due to pectin solubilization and release the intercellular juice.
Conclusion
The quality and physicochemical composition of nectars was affected by the addition of hydrocolloids and/or enzymes, and the addition of enzyme pectinase led to a greater extraction of soluble solids and carotenoids, as well as improved stabilization during phase separation (75% to 91%), especially for the formulation containing pectinase and guar gum. The nectars containing gums, in turn, exhibited higher stability of phenolic compounds and L-ascorbic acid, which directly influenced the higher antioxidant capacity when compared to the formulations containing pectinases, highlighting the formulation with xanthan gum. According to our results, we conclude that the production of nectar on an industrial scale is a promising alternative, and the use of gums or enzymes can increase carotenoids content and confer protection to phenolic compounds and L-ascorbic acid.
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